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Abstract 

The main statement of the nucleon constituent quark model with a fixed number of 
particles as basic ansatz are considered in a framework of the single-time (quasipoten- 
tial) approach to the bound state problem. The scaling law breacking for the proton 
pP , form factor are investigated for Q 2 = -f- 2Gev 2 . 

00 . 

CN . The problem of the relativistic treatment of the constituent quark model 

(CQM) have been solved by several manners |], |2|, [J, which have general 
feature - fixed number of the particles assumption and additive assumption 
for nucleon current expression in terms of quarks currents ||. A popular 



AK) ~ / d{l Pl dil P2 d{l P3 | ap)(ap | AK). 



{Sj ■ approach to the problem is the light-front dynamics ||. In present work 

we propose to use the old quasipotential approach || for formulation of 

\ CQM with fixed number of particles. 

In proceeding we suggest that Fock momentum-space for nucleon has 

^3 1 N = 3 quarks Dirac basis | otipi, CV2P2, «3P3) =| Qtp) : 
Oh! 

We will take it for granted that all nontrivial effects of the QCD vacuum 
(e.g., gluon and quark-antiquark condensates) can be absorbed into the 
effective parameters of the CQM. 

To find a equation for wave function (WF) (cup | AK) we consider 
covariant single-time WF [0] (N = 3): 

^\K,ai x ) = ^ak Q (x)S(n K (x 1 - x 2 )) ■ ■ ■ 5{n K (x N -i - x N )), . v 
= (0 I T[^( Xl ) . . . <PZ\x N )} I AK), U 
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where ^xKa( x ) * s Bethe-Salpeter WF; {n K ) 



Ku 



Ej± - 4- velocity, 



5-functions in (|^) covariantly equal times in the center-of-mass of system. 

Using a translational invariance 0(a;») = exp(iHti)(f)(0, x^) exp(— iHti), 
expression <p a (0, x) = l/(27r) 3 J dVL q Y, r ^r(o)w^(q) exp (—iqx) + . . . and 
according to fixed number of particles assumption notice that the anti- 
particle operator do not give a contribution into the one-time WF we can 
obtain the Fourier-momentum representation WF (|2|) (D - the Wigner 

rotation matrix;P=pi, p 2 , p 3 , Pi = L^pt) §, 0, 0: 



^ak, q (p) = (2vr)5( 1 )(P -M P ) 



iV 



(2 7 r)^)(P -M P ) nttU^iPiXrp | AK). 



(r P| AO) 



(3) 



As in we determine WF projection into positive-frequencial states: 



*S (0 (P)^<(P1) 



. it 



;Piv)^AK, a (p) = 2n5(P -M P )(rp | AK); (4) 



N 



N 



(rp | AK) = ( 27 r) 3 ^)(£ p,) 5 £ 4 (ft)*£ KP, (P)- (5) 



i=l 



i=l 



The connection established between CQM WF with fixed number of 
particle (rp | AP) and WF give us a chance to obtain equation for 

relative motion WF by standart form || 0(2 Pj= I] p\ = 0): 

(£Eo - Mp)$« (r) (P) = / n^^(P,p')$i + o )(r ' } (p') (6) 

Pi J . =2 p, 

To construct a three-particle state with given total angular momentum 
J = 1/2 and helisity A we use the same method as in Ref. fI0" |: 

a(+)WC° " ° \ _ ..model SU{&), , h n (ra,fj) ,0[ n j-jfo,^) s 

^AO lPl> P2, P3j - V?o Xa l r lj r 2) r 3J^f^4-»OVP^^fB,+i>,nP3j) V) 



</ 



P2= • We used the oscillator WF |TT[ and Coulomb-like 



where p x - ^ ^ Pl+P2 
WF for calculation of the proton form factor 



N exp 



|^ I Eo +Eo +Eo - 3m- £ 



(PjPfc) 



37 



n Coulomb 



/' /'-j /' , j^ fc ^(Ba +m)(£o +m) 

2 n™2 , „,2\2 



iV/(£ + £0 + Eo) 2 - 9m 2 + 7 

PI P2 P3 
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Let us consider electromagnetic current matrix element. Assuming that 
<^t(0) = J2 3u (0) we first expand in sets of free-particle states (|1|) and 

s=l 

current matrix element takes the form: 

N.N 

(n'PV^InO) = J2J n^P' fc ^P fc E^ /p > , P , )(« , p|j'i s) (0)|«p)(« P |nO). 

s=l k=l a' ,a 

,o I ° ° 

For 3-quark system with symmetrical WF we obtained (p x + P2 + P3= 
Pi + P2 + P3 = 0): 

(7i'P%(0)|nO) = 3jdn p2 dn p3 Eo ™l ^ Ws) (p^Pa,^)* 

P2+P3 P2+P3 

* ^(pDiM^^Pi, Pl)^ 2 (P2)^ 3 (P3)^ )(Ql ' a2 ' a3) (Pl, P2, P3) 

(9) 

o ° 

If s= then s = tP-P and for s = p\ + p 2 + P3, s = Pi + P2 + P3 we have 



Eo/+ Eo + Eo t? 1 t? 1 z? 

Thus, (H) approximatly satisfies to current conservation condition: 
if (p'i ~ Pi) M K P ;|jW(0)iaiPi) = then (P> - P)>'P'| J M (0)|nO> « 
« 0, P=(M n , 0). The numerical calculation are shown that this condition 
approximatly satisfy for wide region of the model parameters. 6 - dimen- 
sional integrals of this model calculated by the Monte-Carlo method. 
Eq. (|S|) in nonrelativistic limit (additive quark model) is given by: 

(n'PU(0)|nO> » 3 X (a[P' (0)\ ai 0) xT'^ 3 F(t), (11) 

where form factor is F(i) = / G?Q p2 t2f2 p3 <p (P1P2, Ps)v 5 o(Pi, P2, P3)- 
Relation (|TT|) provides the scaling law of the space-like Sachs nucleon form 
factors (Gg ~ G^/fip). Dziembowski |2| obtained that the so-called soft 
contributions (CQM) reproduce the experimental data extremely well up to 
the scale Q 2 ~ 2.5 GeV 2 for the nucleon. Analogous results were obtaited 
by Cardarelli within light-front CQM without quark form factors. We 
have reproduced it in our model (see fig. [I], experimental data from H). 
The Coulomb-like model describe best the experimental data up to Q 2 ~ 3 
GeV 2 for quark mass m q = 166 MeV, 7 2 = 1.1 GeV 2 . The magnetic 
moment [fip = Gm{0)) was reproduced in this model (with 7 2 = 1.1 GeV 2 ) 
for m q = 105 MeV but G P E /G dip > 1, G P M /G dip /^ P > 1 for Q 2 = ^ 2 
GeV 2 , (G dip = l/(1 + Q 2 /0.71). 
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Figure 1: Gg/Gdip, G^/G^p/ ftp and G^/Gm/^p in oscillator and 
Coulomb-like model with best parameters for fit : Coulomb (solid curve): 
m q = 166 MeV, 7 2 = 1.1 GeV 2 ; Oscillator (dashed curve): m g = 162 MeV, 
7 2 = 0.35 GeV 2 . Experimental data from flf. G dip = 1/(1 + Q 2 /0.7l). 
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